The aerial parts of Salvia multicaulis, S. sclarea and S. verticillata were collected at full flowering stage. The essential oils were isolated by hydrodistillation and analyzed by combination of capillary GC and GC-MS. The in vitro antimicrobial activity of the essential oils were studied against eight Gram-positive and Gram-negative bacteria (Bacillus subtilis, Bacillus pumulis, Enterococcus faecalis, Staphylococcus aureus, Staphylococcus epidermidis, Escherichia coli, Pseudomonas aeruginosa and Klebsiella pneumoniae) and three fungi (Candida albicans, Saccharomyces cerevisiae and Aspergillus niger). The results of antibacterial activity tests of the essential oils according to the disc diffusion method and MIC values indicated that all the samples have moderate to high inhibitory activity against the tested bacteria except for P. aeruginosa which was totally resistant. In contrast to antibacterial activity, the oils exhibited no or slight antifungal property, in which only the oil of S. multicaulis showed weak activity against two tested yeasts, C. albicans and S. cerevisiae.
Introduction
One of the largest genera of the family Lamiaceae, Salvia L., is represented by over 900 species and is widely distributed all over the world. Fiftyeight species of this genus are documented in the Flora of Iran, 17 of them are endemic (Mozaffarian, 1996) . Salvia species have been used since ancient times for different ailments ranging from aches to epilepsy, and mainly to treat colds, bronchitis, tuberculosis, hemorrhage, and menstrual disorders (Topcu, 2006) . Based on their well-characterized antioxidant, aromatic and antimicrobial properties, it is not surprising that members of this genus have been used in the cosmetic industry, popular medicine and as food flavouring and preservation products (Vallejo et al., 2006) .
In the present study antimicrobial activity of the essential oils of three Salvia species named S. verticillata, S. sclarea and S. multicaulis were investigated. The literature survey revealed that only chemical composition of the oils of the aforementioned species has previously been published but their antimicrobial properties were not studied 0939Ð5075/2007/0700Ð0514 $ 06.00 " 2007 Verlag der Zeitschrift für Naturforschung, Tübingen · http://www.znaturforsch.com · D up to now. Twenty seven components were characterized for S. verticillata with -caryophyllene (24.7%), γ-muurolene (22.8%), limonene (8.9%) and α-humulene (7.8%) as the major constituents (Sefidkon and Khajavi, 1999) . In the oil of S. multicaulis, camphor (11.0%), 1,8-cineole (10.7%), borneol (8.9%) and α-pinene (7.5%) have been characterized as main compounds from fifty identified components (Morteza-Semnani et al., 2005) . The chemical composition of the essential oils of S. sclarea from different countries has already been published and linalool, linalyl acetate, terpineol, geraniol, geranyl acetate, germacrene D, -caryophyllene and sclareol were identified (Souleles and Argyriadou, 1997; Moretti et al., 1997; Peana et al., 1999; Pitarokili et al., 2002; Lorenzo et al., 2004) .
Material and Methods

Plant material
The aerial parts of three Salvia species were collected from the province Tehran, Iran, at an alti- 
Essential oil isolation
The powdered plant parts (250 g) were hydrodistilled using a Clevenger type apparatus for 3 h. The resulting essential oils were dried over anhydrous sodium sulfate and stored at 4 ∞C until analyzed and tested.
Essential oil analysis and identification procedure
GC-FID analyses of the oil were conducted using a Thermoquest-Finnigan instrument equipped with a DB-5 fused silica column (60 m ¥ 0.25 mm i. d., film thickness 0.25 μm). Nitrogen was used as the carrier gas at the constant flow of 1.1 ml/min. The split ratio was 1/50. The oven temperature was raised from 60 ∞C to 250 ∞C at a rate of 5 ∞C/min. The injector and detector (FID) temperatures were kept at 250 ∞C and 280 ∞C, respectively. GC-MS analysis was carried out on a ThermoquestFinnigan Trace GC-MS instrument equipped with the same column and temperature programming as mentioned for GC. Transfer line temperature was 250 ∞C. Helium was used as the carrier gas at a flow rate of 1.1 ml/min with a split ratio equal to 1/50.
The constituents of the essential oils were identified by calculation of their retention indices under temperature-programmed conditions for n-alkanes (C 6 ÐC 24 ) and the oil on a DB-5 column under the same conditions. Identification of individual compounds was made by comparison of their mass spectra with those of the internal reference mass spectra library (Wiley 7.0) or with those of authentic compounds and confirmed by comparison of their retention indices with those of authentic compounds or with those reported in the literature (Adams, 2001 ). Semi-quantitative data was obtained from FID area percentages without the use of correction factors.
Bioassay procedure
Eleven microbial strains were used which included; Bacillus subtilis (ATCC 465), B. pumulis (PTCC 1274) The antimicrobial activity of the essential oils and their main components was determined by the disc diffusion method (NCCLS, 1997). Briefly, 0.1 ml of a suspension of the test microorganism (10 8 cells/ml) was spread on Mueller-Hinton agar plates for bacteria and Sabouraud dextrose agar for the fungi. Sterile 6 mm discs, each containing 10 μl of essential oils were placed on the microbial lawns. Discs containing 10 μl of limonene, ocimene, 1,8-cineole, α-pinene and sclareol (10 μl of 0.01 mg/ml) were used to study the antimicrobial activity of the major oil components. The plates were incubated at 37 ∞C for 24 h for bacteria and 30 ∞C for 48 h for fungi. The diameters of the zones of inhibition were measured and reported in mm. Triplicate tests were carried out for each oil.
MIC values were determined by the broth microdilution assay recommended by NCCLS (1999). Serial two-fold dilutions of the essential oils were made in Mueller-Hinton broth containing 0.5% Tween 80 for bacteria and Sabouraud dextrose broth with 0.5% Tween 80 for fungi in 96-well microtiter plates. Fresh microbial suspensions prepared from overnight grown cultures in the same media were added to give a final concentration of 5 ¥ 10 5 organisms/ml. Controls of medium with microorganisms or the essential oil alone were included. The microplates were incubated at 37 ∞C for 24 h for bacteria and 30 ∞C for 48 h for fungi. The first dilution with no microbial growth was recorded as MIC.
Results and Discussion
Hydrodistilled essential oils of three examined Salvia species yielded 0.5, 0.4 and 0.6%, respectively (Table I) . Monoterpenes, 1,8-cineole (21.0%) and α-pinene (16.5%), were the main constituents of the oil of S. multicaulis. In the oil of S. verticillata sesquiterpenoids were the major compound group including -caryophyllene (31.5%) and germacrene D (16.2%). Sclareol (11.0%) and germacrene D (9.8%) have been determined as main constituents of S. sclarea essential oil.
The results of the antibacterial activity test of the essential oils according to the disc diffusion method and MIC values indicated that all the samples have moderate to high inhibitory activity against the tested bacteria except for P. aeruginosa which was totally resistant (Table II) . From Grampositive bacteria, S. epidermidis, B. pumulis, B. subtilis and S. aureus were more sensitive to the oils with MIC values of 3.75Ð7.5 mg/ml for S. multicaulis and 7.5 mg/ml and 15 mg/ml for S. sclarea and S. verticillata, respectively, compared to E. faecalis which was more or less resistant. From Gramnegative bacteria, E. coli and K. pneumoniae showed moderate sensitivity with inhibition zones ranging from 12Ð14 mm and 9Ð10 mm and also MIC values of 15 and Ͼ 15 mg/ml, respectively. In contrast to antibacterial activity, the oils exhibited Table II Main compounds tested at 10
μl/disc. Sclareol tested at 10 μl/disc of 0.01 mg/ml.
Ð,
Inactive; 7Ð14, moderately active; Ͼ 14, highly active; nt, not tested.
no or slight antifungal property, in which only the oil of S. multicaulis showed weak activity against two tested yeasts, C. albicans and S. cerevisiae with MIC values of Ͼ10 and 10 mg/ml, respectively. Table III shows the antimicrobial activity of five major components of the oils tested. Among them, 1,8-cineole and sclareol exhibited high to moderate antibacterial activity against the test bacteria, while their antifungal properties were moderate. α-Pinene and ocimene showed moderate antibacterial activity except for K. pneumoniae and P. aeruginosa with inhibition zones ranging from 10Ð15 and 9Ð15 mm, respectively. No antifungal activity was determined against these two components. Antifungal property of limonene was noticeable with MIC values of 2.5Ð5 mg/ml compared to its antibacterial activity which was moderate with MIC values of 3.75Ð15 mg/ml. Two other main components of the tested oils, borneol and -caryophyllene, were evaluated and no antimicrobial activity was characterized.
